Acute respiratory distress syndrome (ARDS) has a high mortality and is associated with significant morbidity. Prior outcome studies have focused predominant on short-term outcomes (6-12 months). We assessed longitudinal neurocognitive, emotional, and quality of life in ARDS survivors at hospital discharge, and 1 and 2 years after hospital discharge using neuropsychologic tests and emotional and quality-of-life questionnaires. Neurocognitive sequelae occurred in 73% (54 of 74) of ARDS survivors at hospital discharge, 46% (30 of 66) at 1 year, and 47% (29 of 62) at 2 years. ARDS survivors report moderate to severe depression (16% and 23%) and anxiety (24% and 23%) at 1 and 2 years, respectively. The ARDS survivors had decreased quality of life, with the physical domains improving at 1 year, with no additional change at 2 years. Role emotional, pain, and general health did not change from hospital discharge to 2 years. Mental health improved during the first year and declined at 2 years. ARDS results in significant neurocognitive and emotional morbidity and decreased quality of life that persists at least 2 years after hospital discharge. ARDS can cause significant long-term, brainrelated morbidity manifest by neurocognitive impairments and decreased quality of life.
ARDS, had cognitive impairments (16) 6 months after hospital discharge. In 1999, we reported that a majority of ARDS survivors had neurocognitive impairments, including impaired memory, attention, concentration, mental processing speed, and global intellectual decline 1 year after discharge (10) . Since our report of cognitive impairments in ARDS survivors, others have made similar observations (9, 12, 16, 17) . The prevalence of neurocognitive impairments varies from 25% (12) to 78% in patients with more severe ARDS (10) . Neurocognitive impairments are a major determinant in return to work, work productivity, and life satisfaction after ARDS (12) . Even mild cognitive impairments may result in clinically significant problems with driving, money management, and the ability to perform activities of daily living (18) (19) (20) (21) .
Survivors of ARDS have decreased quality of life in the first year after hospital discharge, especially in the physical domains (e.g., physical functioning, bodily pain, role physical) (10, 14, 15) . Decreased quality of life has been associated with pulmonary symptoms (15, 21) , abnormal pulmonary function (22, 23) , muscle wasting and weakness (24) , neurocognitive impairments (12) , depression (11, 15, 23) , anxiety (11) , and posttraumatic stress disorder (12) .
Neurocognitive and emotional function, and quality of life are important because many patients with ARDS survive and exhibit significant morbidity. Prior ARDS outcome studies have focused predominately on short-term outcomes (6-12 months). There are no prospective neurocognitive and emotional outcome studies of ARDS patients beyond 12 months. We previously reported 1-year outcome data in ARDS survivors (11) ; however, 2-year outcome data have not been reported. The purpose of this longitudinal outcome study was to characterize neurocognitive and emotional function and quality of life 1 year after hospital discharge in a prospectively identified cohort of ARDS survivors. Preliminary data of this study were previously published in abstract form (25) .
METHODS

Patient Selection
For this study, patients with ARDS were selected from a randomized clinical trial of higher tidal volume versus lower tidal volume ventilation management (22) . Between February 1994 and December 1999, patients were invited to participate in a 2-year outcome study to assess neurocognitive and emotional function and quality of life. A detailed description of the ventilation strategy is available (22) . This 2-year outcome study was approved by the LDS Hospital Institutional Review Board and conformed to institutional and federal guidelines for the protection of human subjects. Written informed consent was obtained from subject before hospital discharge, after treatment of ARDS.
A total of 120 consecutive patients with ARDS were evaluated for this study; 42 patients died, 3 survivors were excluded (2 with cognitive disability, 1 with Alzheimer's disease), and 1 patient declined the study. Of the 74 ARDS survivors enrolled in the study, 3 died in the first year after hospital discharge from either pulmonary fibrosis/cor pulmonale, liver failure, or diabetic complications. Five survivors declined to return for 1-year follow-up (e.g., busy schedules, not interested), resulting in 66 survivors who completed the 1-year evaluation. Two ARDS survivors died in the second year (bowel obstruction, cardiac failure) and 2 declined to return for the 2-year follow-up, resulting in 62 survivors who completed the 2-year evaluation.
The inclusion criteria for the ventilation study from which our patients were selected were: tracheal intubation, Pa O 2 /Fi O 2 р 150 mm Hg, pulmonary wedge pressure р 18 mm Hg (when available), no clinical evidence of congestive heart failure, diffuse infiltrates in three of four quadrants on chest radiographs, age у 16 years, and presence of an ARDS risk factor (e.g., aspiration, multiple trauma, pancreatitis, pneumonia, sepsis). Patients were excluded (n ϭ 193) if they had disease states that were deemed irreversible (e.g., liver failure, malignancy, patients with acquired immune deficiency syndrome), traumatic brain injury, prior neurologic disease, prior cognitive disability, or if they were enrolled in another ARDS study (e.g., ARDSNet studies). Patient demographics and medical data were collected prospectively as part of routine clinical care, including length of stay; Acute Physiologic and Chronic Health Evaluation II (i.e., APACHE II) scores (26) ; LDS Hospital multiple organ failure score (27) ; Charlson comorbidity index (a weighted index that takes into account the number and the seriousness of comorbid diseases) (28) ; laboratory values; ventilator data; days receiving sedative, narcotic, and paralytic medications; and outcome data.
Assessment of Hypoxemia and Hypotension
Continuous oxygen saturation data to assess hypoxemia were automatically collected using the Ohmeda (Louisville, KY) Biox 3700 and 3740 devices; data were recorded by a computer. Continuous pulse oximetry measurements were assessed during ventilatory support (10) . The saturation readings were sampled every 2 minutes, and the median value for each 15-minute period was recorded (29) and categorized if Ͻ 90% saturation. The duration of desaturation events was calculated by adding consecutive measurements (each measurement represents a 15-minute interval) that were lower than the saturation threshold.
Continuous mean blood pressure data were automatically collected through the GE-Marquette (Milwaukee, WI) bedside physiologic monitoring system connected to a computer during ventilatory support. Continuous blood pressure was measured from the arterial catheters and were sampled every 2 minutes, and the median value for each 15-minute period was recorded (29) . The duration of hypotension events was calculated by adding consecutive measurements (each measurement represents a 15-minute interval) that were more than 60 and less than 50 mm Hg.
Neurocognitive and Emotional Function
Standardized neurocognitive tests were administered at hospital discharge and at 1 and 2 years and assessed general intelligence, attention/ concentration, memory, mental processing speed, executive function, and visuospatial abilities. The 1-and 2-year tests were administered in a private office at LDS Hospital or at patients' homes if they were unable to travel to the hospital. There were no reports or indications of severe anxiety for any patients during any test session. (34) . Emotional function was assessed using the Beck Depression Inventory (35) and Beck Anxiety Inventory (36); scores of 0-9 indicate minimal, 10-16 mild, 17-29 moderate, and 30-63 severe depression or anxiety. To assess the possible effects of ARDS on general intellectual functioning, the Oklahoma Premorbid Intelligence Estimation method (OPIE) (37) was used to assess premorbid intellectual function. The OPIE estimate takes current performance on the Wechsler Adult Intelligence Test-Revised into consideration (vocabulary or picture completion subtests) and educational background and current job status. The scores of the OPIE were compared with the measured Full Scale Intelligence Quotient (IQ) at hospital discharge, 1, and 2 years (e.g., Wechsler Adult Intelligence Test-Revised).
Neurocognitive sequelae was defined as scores on 2 or more neuropsychologic tests that are greater than 1.5 SD or one test score that is greater than 2 SD below the normative population mean. Our definition of neurocognitive sequelae is similar to previous studies (16, 38, 39) . To assess the magnitude of neurocognitive impairment, an overall impairment score was derived using age, sex, and education corrected T scores (mean ϭ 50, SD ϭ 10) (40, 41) by assigning a numeric value of 1 for each SD the T scores were more than 1 SD below the mean and summing the total number of SDs below the mean across all (n ϭ 25) tests. T scores less than or equal to 40 received a score of 0, scores greater than 1 SD (30-39) received a score of 1, scores greater than 2 SD (20-29) received a score of 2, scores greater than 3 SD (10-19) received a score of 3, and scores greater than 4 SD (0-9) received a score of 4, with a range of 0 to 100 (e.g., 4 ϫ 25 ϭ 100). The overall impairment score was used as the primary outcome.
Quality of Life
The Medical Outcome Study 36-Item Short Form Health Survey (SF-36) (42, 43) was administered at hospital discharge, 1 year, and 2 years after hospital discharge to assess health-related quality of life. The eight domains of the SF-36 (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health) are clustered to form two higher order domains-the physical and mental health scores. Each domain is scored from 0 to 100, with higher scores indicating better quality of life. The SF-36 has been used in a variety of patient populations, and norms for age and sex are available (43, 44) .
Statistical Analysis
Descriptive statistics were performed for demographic, medications, medical, neurocognitive, emotional, and SF-36 data. Neurocognitive sequelae are reported as percentage of patients with sequelae at hospital discharge and 1 and 2 years. Paired t tests were used to compare the OPIE premorbid estimated IQ with patients Full Scale IQ at hospital discharge and at 1 and 2 years.
Primary outcome. The primary outcome was the magnitude of neurocognitive impairment, which was assessed using the overall impairment score. Repeated measures analysis of variance (RMANOVA) was performed to test if the overall impairment score significantly changed over time. A significant change in overall impairment was concluded if p Ͻ 0.05. Pairwise comparisons between time points were also performed using a Bonferroni adjusted significance level 0.02 (0.05/3).
Secondary outcomes. Neurocognitive test scores at hospital discharge and 1 and 2 years after hospital discharge were analyzed while adjusting for tidal volume and gender using a doubly multivariate RMANOVA. Individual neurocognitive test scores were analyzed using univariate RMANOVA only if the overall battery was significant at the 0.05 twosided significance level. Adjustment for tidal volume and sex would be included in further analysis only if those factors were significant in the overall test battery. Using the method of Fisher's least significant difference for individual tests that were significant only at the 0.05 two-sided significance level from the univariate RMANOVA, pairwise comparisons between hospital discharge and 2-year test scores and 1-year and 2-year test scores were performed.
Pearson's correlations between ICU length of stay, Acute Physiologic and Chronic Health Evaluation II scores, duration of intubation, oximetry Sa O 2 less than 90% and mean blood pressure less than 60 and less than 50 mm Hg, and days on sedative, narcotic, and paralytic medications with neurocognitive scores were performed. Correlations were considered significant at the 0.05 two-sided significance level. Pearson's correlations between 1-year Beck Depression Inventory and Beck Anxiety Inventory scores and neurocognitive scores were performed. Correlations were considered significant at the 0.05 two-sided significance level.
Similar to analysis of neurocognitive outcome, the SF-36 data were analyzed using a doubly multivariate RMANOVA to determine if the domain scores of the SF-36 significantly changed over time. Individual domain scores were analyzed using univariate RMANOVA if the overall analysis was significant at the 0.05 two-sided significance level. For individual domain scores that were significant from the univariate RMANOVA at the 0.05 two-sided significance level, pairwise comparisons between hospital discharge and 2-year domain scores and 1-year and 2-year domain scores were performed. (27) ; ARDS ϭ Acute Respiratory Distress Syndrome; ICU ϭ Intensive Care Unit; MBP ϭ mean blood pressure; MOF ϭ multiple organ failure (28) .
ARDS risk factors are aspiration, multiple trauma, pancreatitis, pneumonia, sepsis, systemic inflammatory response, shock, major surgery, chronic alcohol use, multiple fractures, near drowning, or amniotic fluid embolism.
LDS Hospital multiple organ failure score (28) is obtained by assigning a score of 1 for each organ system in failure including renal, cardiovascular, coagulation, hepatic, central nervous, gastrointestinal, and immunologic and summing the total number of organs that failed at least once after ARDS onset. Definitions of organ failure are as follows: renal ϭ creatinine у 3.5 mg/dl, dialysis, or urine outcome Ͻ 25 ml/h for 24 h; cardiac ϭ cardiac index Ͻ 1.8 L/min/m 2 , systolic blood pressure Ͻ 90 mm Hg with pressor drugs, or arterial-venous oxygen difference Ͼ 7.0 ml O 2 /dl; coagulation ϭ platelet count Ͻ 60,000/l or prothrombin time or partial thromboplastin time Ͼ 1.5 ϫ control; hepatic ϭ bilirubin Ͼ 5 mg/dl or prothrombin time or partial thromboplastin time Ͼ 1.5 ϫ control; central nervous ϭ Glasgow coma score Ͻ 8 for 3 d; gastrointestinal ϭ pancreatitis causing shock, ruptured necrotic/ischemic viscus, or gastrointestinal hemorrhage requiring more than 2 U packed red blood cells; and immunologic ϭ prednisone or equivalent of 50 mg/d for at least 7 d or у 20 mg/d for at least 1 mo, or other immunosuppressive agent, or known acquired immune deficiency syndrome (28) .
RESULTS
Descriptive statistics and medical data are presented in Table 1 . There were 41 females and 33 males, with a mean age of 46 Ϯ 16 years (range 16-81 years), median age (interquartile range) of 46 (35-57) years, and mean education level of 13 Ϯ 2.3 years (range 9-22 years). Excluding patients that died, the follow-up rate was 93% at 1 year and 90% at 2 years. Thirty-one patients (42%) were referred for rehabilitation before hospital discharge: 23 for physical weakness or deconditioning, 4 for limb fractures, and 4 for limb amputations. Nine of these patients (12%) were subsequently identified on the rehabilitation unit as having cognitive impairments and received cognitive rehabilitation. At 2 years, 34% (21 of 62) were working or were full-time students, 34% (21 of 62) were receiving disability payments started after hospital discharge for ARDS, and 32% (20 of 62) were not working or retired. For ARDS survivors who completed the 1-year outcome, 70% (46 of 66) had neurocognitive sequelae at hospital discharge, 46% (30 of 66) at 1 year, and 47% (29 of 62) 2 years after hospital discharge.
At 2 years, intellectual function as measured by the Wechsler Adult Intelligence Test-Revised resulted in a mean Full Scale IQ of 99.7 Ϯ 11.9, suggesting average intellectual functioning in the ARDS survivors. The OPIE premorbid IQ estimate had a mean of 99.3 Ϯ 10.2. The OPIE premorbid IQ was significantly lower than the patients with ARDS measured using the Full Scale IQ at hospital discharge (89.7 versus 99.3; t ϭ 9.75, p р 0.001); however, there was no difference between the OPIE and the patients measured Full Scale IQ at 1 year (p ϭ 0.2) or 2 years (p ϭ 0.72). Figure 1 shows the intelligence and memory scores for the ARDS patients.
The Beck Depression Inventory and Beck Anxiety Inventory mean scores at 2 years were 10.4 Ϯ 10.6 (range 0-51) and 10.0 Ϯ 10.1 (range 0-45), respectively, indicating minimal depression and anxiety. However, 23% (n ϭ 14 patients) had scores greater than 16 on the Beck Depression and Beck Anxiety Inventories, indicating moderate to severe symptoms of depression and anxiety.
Primary Outcome
The primary outcome, magnitude of neurocognitive impairment, was assessed using the mean overall impairment scores. The mean overall impairment scores at hospital discharge were 13.3 Ϯ 8.7 (range 0-42), at 1 year 5.7 Ϯ 5.8 (range 0-26), and 2 years 5.9 Ϯ 6.3 (range 0-27). The RMANOVA showed significant differences in the overall impairment score over time [F(2,51) ϭ 31.96, p Ͻ 0.001]. Pairwise comparisons between time points showed significant improvement in neurocognitive impairment between hospital discharge and 1-year follow-up (difference ϭ 7.2, p Ͻ 0.05) and hospital discharge and 2-year follow-up (difference ϭ 7.4, p Ͻ 0.05). There was no difference between the 1-and 2-year overall impairment scores (difference ϭ 0.17).
Secondary Outcomes
Results of the RMANOVA for neurocognitive scores are shown in Table 2 . Effects from tidal volume and gender were not significant. The neurocognitive scores were significantly different over time [F(50,150) ϭ 2.7, p Ͻ 0.001]. Only three of the neurocognitive test scores differed between 1 and 2 years ( Table 2) .
The duration of hypoxemia measured by the duration of oximetry Sa O 2 Ͻ 90%, correlated with digit span (r ϭ Ϫ0.247, p ϭ 0.03), Rey Auditory Verbal Learning Trial 5 (r ϭ Ϫ0.197, p ϭ 0.04), and Trail Making Test Part B (r ϭ 0.269, p ϭ 0.01) at hospital discharge, which were in the expected direction. There were no significant correlations between duration of hypoxemia with any neurocognitive scores at 1-and 2-year follow-up. There were no significant correlations between neurocognitive scores and ICU length of stay, Acute Physiologic and Chronic Health Evaluation II scores, duration of intubation, or the number of days the patients received sedative, narcotic, or paralytic medications.
Of the 74 subjects, 60% (44 of 74) had at least one 15-minute period with a mean blood pressure less than 60 mm Hg and 12% (9 of 74) less than 50 mm Hg. There were no significant correlations with the mean blood pressure less than 60 mm Hg and any neuropsychologic test score. The mean blood pressure less than 50 mm Hg correlated with memory scores at hospital discharge: Rey 
Quality of Life
The SF-36 data for hospital discharge and at 1 and 2 years after hospital discharge compared with normal population data are shown in Figure 2 . Results of the RMANOVA for SF-36 data are shown in Table 3 . The SF-36 scores were significantly differed over time [F(2,102) ϭ 8.9, p Ͻ 0.001]. The SF-36 domains showed three distinct patterns in our ARDS survivors. Pattern 1 for physical functioning, social functioning, role physical, and vitality domains were low at hospital discharge, improved during the first year, with no additional improvement at 2 years. Pattern 2 for role emotional, pain, and general health domains were stable from hospital discharge through 2-year follow-up. Pattern 3 for the mental health domain showed significant improvement during the first year, but returned to the hospital discharge level at 2 years.
DISCUSSION
Our data extend previous findings because we assessed 2-year neurocognitive outcome in a prospectively identified cohort of ARDS survivors. The premorbid estimated IQ of patients with ARDS was significantly lower than their measured IQ at hospital discharge; however, the patients' IQ improved to their premorbid level by 1 year with no additional improvement at 2 years. Seventy percent of our ARDS survivors had neurocognitive sequelae at hospital discharge, 45% at 1 year, and 47% at 2 years. There was no improvement in neurocognitive sequelae from 1 to 2 years. Other studies report neurocognitive impairment prevalence rates of 20 to 35% 1 year after ARDS (9, 12, 16) . The neurocognitive impairments at 2 years are similar to those in other ARDS survivors (9, 12, 17) and in medical ICU survivors (16) . The 2-year neurocognitive scores of the ARDS survivors with neurocognitive sequelae ‫ف(‬ 50% of survivors) fell below the 6th percentile of the normal distribution of cognitive function. These ARDS survivors found activities that require executive function, memory, attention, or quick mental processing speed to be very difficult or impossible. The neurocognitive impairments in our patients are similar to those observed in medical ICU survivors (16) after carbon monoxide poisoning (39) and several years after elective coronary artery bypass surgery (38) .
It is difficult to compare our results with previous findings (9, 12, 16, 17) because our study differs with respect to the definition of sequelae, neuropsychologic tests administered, time to follow-up, patient population, study design (prospective versus retrospective), and ARDS etiology and severity. Differences in the neurocognitive tests may have also contributed to the observed differences. For example, one study used a self-reported questionnaire of memory (9), and another administered only a brief memory and attention test instead of a comprehensive neuropsychologic test battery (12) .
Although 42% of the ARDS patients received rehabilitation therapy, most of the ARDS patients were not evaluated for cognitive impairments, with only 12% identified as having post-ICU cognitive impairments by the clinical rehabilitation team and subsequently received cognitive rehabilitation therapy. The cognitive impairments in the patients with ARDS appear to be underrecognized by ICU and rehabilitation providers. Studies suggest that many physicians fail to recognize (or assess) cognitive impairment in 35 to 90% of patients in non-ICU clinical practice settings (45, 46) . In addition, cognitive impairments are rarely evaluated in ICU patients (16) and may be overlooked in one of every two cases (47) . Education regarding cognitive sequelae after ARDS is needed to enhance referral of patients to rehabilitation, not only for physical debilitation and weakness, but also for cognitive impairments.
Only two patients had no episodes of hypoxemia, despite attentiveness of respiratory therapists, nurses, and critical care physicians to all patients. The duration of hypoxemia at hospital discharge modestly correlated with attention, verbal memory, and executive function. The correlations between the duration of hypoxemia and neuropsychologic outcome are less robust than we previously reported (10) . The duration of hypoxemia did not correlate with any neurocognitive score at 2 years. The duration of hypotension modestly correlated with memory impairments at hospital discharge and 1 year, but not at 2 years. These findings suggest that the effects of hypoxemia and hypotension play a role in neurocognitive sequelae at discharge and 1 year but not at 2 years, which may be due to improvement in cognitive sequelae in some patients over time. We did not find relationships between ICU length of stay, Acute Physiologic and Chronic Health Evaluation II scores, and duration of intubation, tidal volume, gender, or days receiving sedative, narcotic, or paralytic medications with neurocognitive function. Others have reported that the cumulative dose of some sedatives (48) and delirium (49-51) may contribute to neurocognitive and affective sequelae in critically ill patients. One potential mechanism of neurocognitive impairments is hyperglycemia, which exacerbates hypoxic (52) and ischemic brain injury (53, 54) . Hyperglycemia is associated with poor neurologic outcome after head injury (55, 56) and stroke (53) . Other potential mechanisms for the neurocognitive impairments include elevated cytokines and inflammation from sepsis (57) . For example, patients with elevated cytokines from chronic fatigue syndrome have impaired attention, concentration, and memory (58) . A study that induced cytokine activation in healthy volunteers found elevated cytokine levels were associated with impaired memory (59) . Inflammation has also been implicated in the pathogenesis of cognitive impairments associated with Alzheimer's disease (60) . The etiology of the neurocognitive impairments is undoubtedly multifactorial and the subject of ongoing discussion. Future investigations are required to further delineate etiologic determinants and identify interventions to improve or prevent neurocognitive impairments. Our ARDS patients reported depression and anxiety that persisted up to 2 years after hospital discharge. The depression and anxiety observed in our ARDS survivors is similar to that previously reported (22, 61, 62) . Critically ill patients who survive their ICU stay frequently report depression and anxiety (9, 13, 15, 22, 24, 63) . Approximately 23% of our patients with ARDS reported moderate to severe symptoms of depression and anxiety at 2 years. However, the Beck Depression Inventory and Beck Anxiety Inventory correlated only with one neurocognitive test, object assembly, at 2 years. Because only 1 test of 25 correlated with depression and anxiety, this suggests that symptoms of depression and anxiety did not influence neurocognitive performance. Similarly, at 1 year, there was no association between depression and anxiety and neurocognitive outcome (11) .
The determinants of depression and anxiety associated with ARDS and critical illness is unknown. Potential mechanisms that may contribute to affective morbidity include organ dysfunction, medications (64), pain, altered sensory inputs, sleep deprivation, elevated cytokines (65), stress related activation of the hypothalamic pituitary axis (66) , cerebral atrophy (67), hypoxemia (68), neurotransmitter aberrations from brain injury (69), elevated catecholamine levels from administration of epinephrine or norepinephrine in the ICU, and stress from critical illness and ICU treatment (70) (71) (72) .
The quality of life in our ARDS survivors was significantly lower than the normal population, and was similar to previous reports in other ARDS patients (9, 10, (12) (13) (14) (15) 73) . We found three distinct patterns for the SF-36 domains in our ARDS patients from hospital discharge to 2 years after discharge. The first pattern showed physical function, social function, role physical, and vitality domains were low at hospital discharge, improved at 1 year with no additional improvement at 2 years, similar to neurocognitive function. A second pattern for role emotional, pain, and general health domains showed higher scores at hospital discharge, albeit lower than normal, with no change over time. Of interest is the lack of change in the general health domain from hospital discharge to 2 years. The lack of change is likely the result of the nature of the items included in the general health domain, because they assess patients' perceptions of their general health (e.g., is your health excellent to poor compared with most people, do you get sick more easily than other people, do you expect your health to get worse) rather than compared with their current health or health post-ARDS. That is, they were asked to assess their general health compared with other individuals, rather than to how their health was before ARDS or the post-ARDS effects on their general health. A third pattern for the mental health domain showed improvement during the first year and then declined to the hospital discharge level at 2 years. These results raise the question as to why the mental health domain declines at 2 years. One possible reason for the decline in mental health at 2 years may be depression, which has been associated with decreased life satisfaction (15) and lower quality of life (11) .
The strengths of this study include the longitudinal prospective cohort study design, consistent follow-up times, high followup rates, automated hypoxemia and hypotension data capture, comprehensive measures of neurocognitive outcome, and a welldefined ARDS population.
The limitations of our study and most prior ARDS outcome studies include the inability to measure premorbid cognitive and emotional function, quality of life, and the lack of an appropriate control group. Because we did not follow a control group of ICU survivors who did not have ARDS, the neurocognitive sequelae we observed may not be specific to ARDS but rather may represent morbidity from critical illness. We also did not follow a normal control group; however, it should be noted that we used demographically (i.e., age, sex, and education) corrected neuropsychologic test scores for statistical analyses, which correct for variables known to effect test performance. The use of the automated moving median technique for oximetry and blood pressure measurements minimizes variability (29) , and could miss brief periods of hypoxemia or hypotension. The correlations we found between hypoxemia and hypotension with neurocognitive sequelae may underestimate the magnitude of brief decrements. Our findings may not generalize to other ARDS patients with less severe ARDS, patients with acute lung injury, or patients who are not enrolled in randomized clinical trials because such studies often employ stringent inclusion and exclusion criteria.
ARDS is a life-threatening illness that results in significant long-term morbidity, including neurocognitive impairments, depression, anxiety, and decreased quality of life. ARDS survivors' neurocognitive impairments were more likely to improve than decline at 1 year with little additional improvement at 2 years. These patients with ARDS had decreased quality of life with the physical domains improving during the first year; little change in role emotional, pain, and general health; and improvement, then subsequent decline, in mental health at 2 years. ARDS is common, and survival appears to be improving, yet physicians need to be mindful of adverse brain-related outcomes in many of these patients. As survival improves, attention to proximal determinants and possible interventions to prevent cognitive and emotional morbidity are warranted and should be an emphasis in ARDS and critical care outcomes research.
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